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ARTICLE INFO  ABSTRACT 
Article Type: Original Article  Introduction: Forces formed during root canal instrumentation could cause the crack formation 
in dentinal walls. Their propagation may result in vertical root fracture and eventually tooth loss. 
The aim of the study was to explore microcrack formation after root canal preparation with Self-
adjusting File (SAF), Reciproc Blue (RB), and ProTaper Next (PTN) instruments on young 
premolars by means of micro-computed tomography (micro CT). Methods and Materials: Forty-
five upper premolars with two canals, were extracted due to orthodontic reasons from patients 
aged 16 to 20 years and stored for up to two months. The teeth were scanned with a micro-CT 
(Nikon XT H 225, Tring, UK) at structural resolution of 20.2 µm and randomly divided into three 
groups: SAF, RB, and PTN. Specimens were instrumented and irrigation was performed with 12 
mL of 2.5% sodium hypochlorite (NaOCl) and 4 mL of 17% ethylenediaminetetraacetic acid 
(EDTA) per root canal. Subsequently, the specimens were scanned under the same conditions as 
before, in wet condition and 24 h after drying. The presence of microcracks in dentinal walls was 
evaluated using the image-processing software Volume Graphics VGStudio Max 3. Results: No 
dentinal defect was found in any evaluated specimen, neither in pre-nor post-operative scans in 
wet and dry condition. Conclusion: Under the circumstances of this in vitro study instruments 
with improved design and metallurgy do not cause dentinal microcracks in young premolar teeth. 
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Introduction 
icrocrack formation could be a serious side effect of 
mechanical root canal preparation that influences the 
integrity of the remaining hard tooth tissues and reduces its 
ability to withstand the functional and parafunctional forces. 
Dentinal microcracks, if propagate, could end up as a vertical 
root fracture, a condition with poor prognosis that is usually 
treated with the tooth extraction. A positive correlation between 
the root canal instrumentation and the appearance of 
microcracks has been reported in many studies [1-7]. Most of 
these studies have been performed by sectional methods that 
could damage specimens, which calls into question the 
credibility of the results presented in these studies. The use of 
microcomputer tomography (micro-CT) in research on the 
effects of instrumentation on the dentin structure enables a 
three-dimensional evaluation of the sample without its 
destruction and additional mechanical action during the 
analysis of the results [8, 9]. In most of the micro-CT studies it 
was found that microcracks in the dentinal walls pre-existed in 
samples prior to the root canal preparation [8-13]. 
However, the question of the mechanical effects of root canal 
preparation and the appearance of microcracks still attracts the 
researchers’ attention, especially after the discovery of the 
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influence of microcracks’ on the prognosis of teeth that have 
undergone periapical surgery [14]. Furthermore, there are 
methodological issues with the microcrack studies (such as the 
conditions of sample storage, the presence of moisture during 
the micro-CT scanning, and the age of the specimens) that could 
influence the results [8, 15]. 
Over time, manufacturers have offered root canal 
instrument made of improved alloys and design features that 
should minimize the appearance of microcracks. The Self-
adjusting File (SAF) system (ReDent Nova, Berlin, Germany) 
with its Pre-SAF system for the preparation of the glide path, 
is one of these new systems [16]. The SAF is a hollow, flexible 
instrument that abrades the dentinal walls with nickel-
titanium lattice at vibrational kinematics. The Reciproc Blue 
(WDV, Munich, Germany) instrument is made of the blue 
nickel-titanium (NiTi) alloy, a new version of Reciproc that is 
used in reciprocating movement [17]. ProTaper Next 
(Dentsplay Maillefer, Ballaigues, Switzerland) is a new 
generation of rotary instruments with a rectangular cross-
section and off-centre rotation that is responsible for the 
snake-like movements inside the root canal with full rotational 
kinematics [18]. 
Considering all above mentioned, this study is undertaken 
in order to clarify some methodological issues, sample 
selection and its storage, the influence of moist during 
examination on visibility of dentinal defects and the influence 
of newly developed instruments on dentinal wall integrity. The 
purpose of this in vitro study is to evaluate the effects of three 
new endodontic instrumentation systems with different 
kinematics together with their glide path instruments on the 
incidence of microcrack formation on young premolar teeth by 
means of micro computed tomography in wet condition and 
24 h after drying. 
Materials and Methods 
Specimen selection and preparation 
A total of 85 maxillary intact human upper premolars extracted 
due to orthodontic reasons at the Department of Oral Surgery 
from patients aged 16 to 20 were used for the study. The study 
was approved by the Ethical Committee of the Dental School 
(approval no. 05-11/2016).  
The teeth were disinfected over 24 h at 4ºC in 1% chloramine 
and were subsequently transferred to the saline solution up to 
two months before micro-CT scans. All the teeth were visually 
inspected under the stereomicroscope with magnification of 12× 
to exclude those with open apices, those that were root fractured 
during the extractions and pre-existing dentinal defects. The 
specimens were decoronated using a diamond disc to 
standardize the working length about 12 mm. Apical patency 
was checked by inserting a #10 file (C-Pilot, VDW, Munich, 
Germany).  
Preliminary low-resolution isotropic prescans were 
performed to evaluate the canal anatomy using an industrial 
micro-CT (Nikon XT H 225, Nikon Metrology, Tring, UK) with 
a target focal size of 0.7 µm, as well as a 400×300-mm, 14-bit flat 
panel detector with a 127-µm pixel size.  
The periodontal ligament was simulated by a thin layer of 
polysiloxane impression material (Xantopren VL plus; Heraeus 
Kulzer, Hanau, Germany) on the root surface and the samples 
were embedded in blocks made of acrylic resin [19].   
Based on an analysis of 3D models of these prescans, only 
two-rooted teeth with one canal (Vertucci type I) or single-
rooted teeth of Vertucci type II had been selected for the study. 
A total of 45 teeth were selected and scanned at geometrical 
magnification of 6.3, which yielded a structural resolution of 
20.2 µm. All teeth were scanned at X-ray energy of 110 kV and 
X-ray tube current of 140 μA with a 0.1 mm Cu filter, using 1440 
projections at an exposure time of 333 ms. Beam hardening was 
reduced using a Hanning filter. Noise was reduced using a 
median filter, and surface detection was performed using an 
adaptive search algorithm (Volume Graphics VGStudio Max 3; 
GmbH, Heidelberg, Germany).  
Samples were randomly assigned into three groups of 15 
teeth each according the instrumentation technique: Self-
Adjusting File (SAF), Reciproc Blue (RB), and ProTaper Next 
(PTN).  
Root canal treatment 
All specimens were prepared under a dental operating 
microscope (Zeiss Extaro 300, Oberkochen, Germany) at 16× 
magnification. 
For the SAF group (vibration kinematics), the glide path was 
created using the Pre-SAF set of instruments (ReDent Nova, 
Berlin, Germany). The coronal part of the root canal was 
prepared with the Pre-SAF OS (orifice shaper, sized #40/0.10) at 
650 rpm and torque 1.5 Ncm. Consequently, the Pre-SAF 1 
(sized #15/0.02) at 500 rpm and torque 1 Ncm and the Pre-SAF 
2 (sized #20/0.04) at 500 rpm and torque 1.5 Ncm were used to 
the working length. 
A specially designed RDT3 handpiece-head that converts the 
rotation motion in vibration, mounted on the EndoStation (ReDent 
and Acteon, Berlin, Germany) equipped with a peristaltic pump, 
was used for canal preparation with SAF instrument 1.5 mm in 
diameter at frequency of 5000 vibrations per minute and amplitude 
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Figure 1. Micro-computed tomography images of specimen instrumented with: Self adjusting file; A) Before; B) After the treatment ; C) After the 
24 h of drying; Reciproc Blue ; D) Before; E) After the treatment and; F) After the 24 h of drying; ProTaper Next; G) Before; H) After the 
treatment; I) After the 24 h of drying 
 
of 0.4 mm. The SAF instrument was inserted into the canal and 
operated with pecking motions to the working length for a total of 
four minutes. First, the canals were simultaneously irrigated 
through the hollow instrument with 2.5% NaOCl at a flow rate of 
4 mL/min for two minutes. This was followed by one minute of 
irrigation with 2 mL of 17% ethylenediaminetetraacetic acid 
(EDTA) by use of a syringe and needle. 
In the last min, canals were irrigated with sodium hypochlorite 
(NaOCl). The total volume of NaOCl was 12 mL per canal. In the RB 
group (reciprocation kinematics), a Reciproc Gold motor (WDV, 
Munich, Germany) set at 10 cycles of reciprocation per second was 
used for the glide path creation with R-Pilot (WDV, Munich, 
Germany) and for consequent root canal preparation with Reciproc 
Blue 25 with the same pecking in-and-out motions repeated until the 
working length was reached. During instrumentation, each canal was 
irrigated with 10 mL of 2.5% NaOCl, and final irrigation was 
performed with 2 mL of 17% EDTA.  
The glide path in the PTN group (full rotary kinematics) was 
created with ProGlider (300 rpm, 2.5 Ncm) (Dentsplay Maillefer, 
Ballaigues, Switzerland) at a speed of 300 rpm with torque control 
set at 2.5 Ncm. Light apical pressure motions were applied until 
the full working length was reached. After that, ProTaper Next X1 
and subsequently ProTaper Next X2 were each used in a brushing 
motion at a speed of 300 rpm with torque set at 4 Ncm to progress 
apically until reaching the working length. The instruments were 
driven by an X-Smart (Dentsply Maillefer) endodontic motor. 
During instrumentation, each canal was irrigated with 10 mL of 
2.5% NaOCl, and final irrigation was performed with 2 mL of 17% 
EDTA and 2 mL of 2.5% NaOCl to match the irrigation protocol 
used in previous groups.  
After the root canal preparation, post-operative scans were 
performed in the same specimen positions and with the same 
micro-CT parameters as the first scan.  
In order to check the influence of the moisture on visibility 
of microcracks, specimens were kept in dry conditions for 24 h 
and then scanned for the third time. 
Two calibrated, blinded examiners evaluated the cross-
sectional images using the image-processing software Volume 
Graphics VGStudio Max 3. The roots were divided into cervical, 
middle, and apical parts. Radiolucent lines present in the micro-
CT sections would be categorized as microcracks. If the 
microcracks had been observed on post-operative scans, the 
corresponding pre-operative scan would have been analyzed to 
exclude pre-existing defects. In doubtful slices, the cross-
sectional images were re-examined until an agreement was 
reached. For the purpose of validation of the screening process, 
the samples were analyzed again in two-week intervals.  
Results 
After analysing 45 specimens with approximately 800 
transverse cross-sections per tooth before and after root canal 
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instrumentation, no microcracks in the cervical, middle, or 
apical parts of the root were found on a single specimen. 
Moreover, 24 h drying period did not reveal any microcracks 
formation. Figure 1 is showing middle cross-sections of 
specimen from each group before, after root canal treatment 
and after 24 h of drying. 
Discussion 
This micro-CT study did not reveal dentinal defects in any 
specimen prior and after the root canal preparation with three 
tested systems of different kinematics: vibration, reciprocation 
and continuous rotation, which is in line with most of micro-
CT studies where the authors did not find new microcrack 
formations after root canal preparation [11-13]. Non-
destructive micro-CT method could be assumed as gold 
standard for dentinal microcrack studies because it enables 
comparison of each sample before and after experimental 
procedures, thus making the samples to control themselves 
and eliminating the possibility of false positive results [9]. In 
contrast, the sectional methods, in which the sample is 
mechanically sliced and then, with or without a contrast 
medium, observed with the aid of magnification devices, have 
a possibility to induce dentinal defects by the sectional 
procedure itself. Most of those studies, showed an increased 
occurrence of microcracks after root canal preparation, 
especially those rotary ones [1, 2, 6, 20-23]. Apart from the 
nature of analytic method, the differences in results between 
this and other studies could be attributed to many factors 
affecting the outcome of the experiment such as sample 
selection, storage condition and tested instruments. 
Despite the quite conclusive negative results of micro-CT 
studies about correlation between the root canal preparation 
and occurrence of microcracks [10-13], this topic is still 
current, especially after having concluded that there could be 
an insufficient sensitivity of the micro-CT assay and 
interference of moisture during the analysis, which could lead 
to doubtful results [8, 15, 24]. In the beginning of dentinal 
microcrack formation, there is no separation of the fragments, 
and it is questionable whether the resolution of some micro-
CT devices is sufficient to detect such phenomena. In this 
study, the samples were scanned at a resolution of 20.6 μm and 
drying of specimens was performed in order to allow 
visualisation of possible microcracks, unnoticed due to 
presence of the moisture [15]. 
Numerous studies do not consider the age of the patient as 
a criterion for inclusion, yet it is known that the physical and 
mechanical properties of teeth changes with age [25-28]. In this 
study, teeth were extracted for orthodontic reasons from 
patients aged 16 to 20 years, which partly explains the absence 
of microcracks on scanned specimens prior to the 
instrumentation. In addition, the elasticity of the young bones 
and the attentive work of the surgeon during the extraction 
reduced the possibility of mechanical dentin damage, and the 
short, maximal two-month time period between extraction 
and experiment further contributed to this finding. Although 
most of micro-CT studies revealed the occurrence of 
microcracks before the endodontic procedure itself, in an in-
situ study, De-Deus et al. [12] found that there was a lack of 
microcracks on teeth that were not endodontically treated and 
concluded that microcrack findings prior to the treatment of 
the canal were the result of extraction forces or tooth 
preservation conditions. In the research on extracted teeth that 
were not endodontically treated in the younger population, 
3.7% of the teeth were found to have pre-existing microcracks, 
and in the elderly, 8.3% had microcracks defects [29]. 
Post-mortem changes in dentinal structures could greatly 
influence the results of in vitro studies and an important issue 
of dentinal defects studies that should be discussed is the 
sample storage conditions such as time period between 
extraction and the experimental procedure, and immersion 
solution. Microhardness of dentin is in an acceptable range if 
stored up to two months in de-ionized water [30], and this time 
the frame was selected as a maximal period of storage for this 
study. Although many dentinal defects studies used purified 
filtrated or distilled water for the preservation of extracted 
teeth [1, 6, 21, 23, 31], the immersion media used in this study 
was saline solution, resembling the natural environment in the 
body. 
In this study, during root canal instrumentation with the 
above-mentioned systems, no new microcracks were found. 
All procedures recommended by the manufacturer were 
followed, including preflaring for SAF and glide path 
formation with the corresponding instruments for all three 
systems. In each sample, 12 mL of 2.5% sodium hypochlorite 
and 4 mL of 17% EDTA were used per canal. Although all these 
procedures affect the structure of the remaining dentin, they 
did not cause any microcrack formation. 
The absence of dentinal defects in this research can also be 
partly explained by the improvement of alloys and the design 
of the instruments. SAF is an elastic instrument with mesh 
lattice that produces uniform forces on the root canal walls, 
and the root canal walls are prepared with the abrasive surface 
of nickel-titanium petals and vibration kinematics [32]. The 
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absence of microcracks with SAF in this research are consistent 
with the findings of sectional [33, 34] and micro-CT [11] 
studies, but in contrast with study of Hin et al. [35] who in his 
sectional study found microcracks in 10% of specimens treated 
with SAF. These contradictory results, particularly in sectional 
methods, could be explained by inconsistency of the used 
method. One of factors that could greatly influence the results, 
the age of the teeth donor [25, 27], is not reported, as well as 
the storage condition and the time passed between the 
extraction and experiment. 
Reciproc Blue instruments made of a nickel-titanium alloy 
that undergoes an innovative thermal process are more flexible 
with increased cyclic fatigue resistance [36]. Although there are 
many studies on the occurrence of microcracks in samples 
treated with Reciproc [3, 4, 11, 22], no such data are currently 
available on the newer Reciproc Blue instrument. ProTaper 
Next is made of new M-Wire, an elastic nickel-titanium alloy.  
Its eccentric design of cutting edges allows snake-like 
movements in the canal and enables smaller, simultaneous 
points of contact of the instrument edges with the canal walls, 
resulting in less stress on the canal walls. Although sectional 
study has shown a higher incidence of microcracks in the 
ProTaper Next system (26% of roots) than in Hand files group 
(6.7%) [37], the micro-CT study did not reveal a causal 
relationship between canal preparation with ProTaper Next 
and new dentinal microcrack formation [31]. 
Conclusion  
Based on the results obtained in this in vitro study, root canal 
instrumentation with Self-adjusting File, Reciproc Blue, and 
ProTaper Next cannot be associated with the appearance of 
microcracks in the root canal walls of young patients’ teeth. 
Further research with samples of a different age or tooth types 
is needed to draw a more precise conclusion on the influence 
of mechanical instrumentation on the integrity of root canal 
walls’.  
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